The significance of gas production by bacteria as a means for establishing natural species or groups of species was recognized by Theobald Smith (1890 and 1893) . He showed that the bent tube, which had been used by chemists for years, was useful as a bacteriological culture tube which could also be used to measure gas production by bacteria. Although he was able to demonstrate differences in the kinds and amounts of gases produced by organisms with the use of this tube, he was aware of the inaccuracies in his quantitative analysis resulting from the absorption of the gases by the culture medium. His work indicated, however, that studies on the kinds and amounts of gases produced by bacteria would reveal relationships and differences not detectable by other means. Furthermore, he observed gas production from glucose to be one of the more permanent characteristics of the colon cultures he studied. Rogers, Clark, and Davis (1914) , using very accurate methods of gas analysis, found that colon organisms isolated from milk and milk products could be separated into two well-defined groups on the basis of C02/H2 ratio. In a low ratio group the C02/H2 value was approximately 1.0, and in a high ratio group the ratio ranged from 1.5 to 2.8. The ratio value and volume of gas produced by a given culture were found to be quite constant, and correlated closely with the fermentation of carbohydrates and alcohols, indicating that the gas ratio denoted lines of natural relationship within the colon-aerogenes group.
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teristics of these organisms from this source. Of the 177 cultures, 131 gave C02/H2 ratios of approximately 1.06, while the remaining varied from 1.5-2.7. This again indicated that the low ratio group was of intestinal or fecal origin.
The results of the investigations of Rogers and his associates showed that members of the genus Escherichia were included in the low ratio group and were found predominantly in feces or sources contaminated with fecal material. The high ratio group included Aerobacter organisms which were most frequently found on grains or were primarily of vegetable origin. Speck and Stark (1942) , using methods similar to those of Rogers and his associates for determining gas ratios, confirmed the ratio values established by those workers for the Escherichia and Aerobacter genera. In addition, they found that the C02/H2 ratio presented promising means for characterising species in the genus Proteus.
Many tests have been introduced which permit conclusive recognition and separation of Escherichia and Aerobacter organisms. Yet cultures are often encountered possessing properties of both genera which make their identity questionable. Although Rogers and his associates clearly demonstrated the excellent reliability of the gas ratio in separating colon-aerogenes organisms, no practical use has been made of this property for such purposes. This mainly has been caused by the special culture and gas analysis equipment, and the time, which are required to make accurate C02 and H2 determinations. In view of the significance of C02/H2 ratios in separating Escherichia and Aerobacter organisms and in recognizing species of the genus Proteus, an anaerobic culture tube was devised in which the C02/H2 ratio of these organisms could be determined directly and with no additional apparatus required, other than a leveling bulb and tube.
EXPERIMENTAL
The only measurable gases produced by the coliform bacteria in the dissimilation of glucose are carbon-dioxide and hydrogen. It remained then only to determine the total volume of gas and the volume of one of these constituent gases, and the other could be determined by difference. As the carbon-dioxide could be absorbed with alkali, the method selected was to determine the total gas volume and carbon-dioxide produced. The gas remaining after absorbing the C02 was measured as hydrogen.
The anaerobic fermentation tube designed for these experiments is essentially a bent fermentation tube to which is attached a stopcock ( fig. 1 ).2 Also a bulb was placed in the collection arm to aid in breaking bubbles formed when the tube and medium were evacuated, and so prevent the medium from foaming into the other arm of the tube. Except for a rubber stopper the tube is made entirely of Pyrex glass. The long arm of the tube is 11 mm. tubing, with a 22 mm. bulb blown in it 20 cm. from the top. The short arm is made by bending the 11 mm. tubing to a 100 angle with the long arm. This is extended 3 cm. beyond the DETERMINING C02/H2 RATIOS OF COLIFORM BACTERIA bend of the elbow and then a 6 cm. length of 8 mm. tubing sealed on to it. A 2 mm. bore stopcock is sealed onto the 8 mm. tubing 3.5 cm. down and 15 mm. to the side of the short arm. The other arm of the stopcock is extended 3.5 cm. for connections and adding of reagents. The mouth of the short arm of the tube is closed with a 000 rubber stopper. Using the specified inside diameter tubing for the collection arm one cm. length corresponds to approximately 1 ml. volume. (RPP medium) . In the tests where Rogers' medium (R) was used, it was prepared by dissolving 1 per cent Witte peptone and 0.5 per cent K2HPO4 (dry) in dis-tilled water. This was steamed for 20 minutes, the precipitate filtered off, the solution made up to volume, and then 1 per cent glucose was added. Five ml. were placed in the anaerobic tube, sterilized at 1200C. for 15 minutes. The culture to be tested was grown for at least one 24-hour period at 300C. in the medium of the same composition in which it was to be tested for the gas ratio, and 0.2 ml. of the culture inoculated into the anaerobic tube. An alternate procedure was to place 7 ml. of medium in a plugged test tube, sterilize and inoculate as described for the anaerobic tube, and then place 5 ml. of the inoculated medium pipetted aseptically into the sterile anaerobic tube. Most of the gas ratios were made by sterilizing only the peptone and buffer in the anaerobic tube and then adding aseptically 1 ml. of 5 per cent glucose sterilized by autoclaving. Four cultures were tested later in the study to determine if sterilization of the glucose with the other constituents of the medium had any effect on the gas ratio. The results showed no significant differences in the ratios when media prepared by either method was used.
The tube should be cleaned occasionally with acid cleaning solution. The stopcock (B) is lubricated with cello-grease which resists the autoclaving temperature more satisfactorily than lighter greases. The opening (A) is plugged with cotton and the stopcock (B) turned to the open position. The culture medium is measured into the tube through the opening (C) which is then closed with a rubber stopper. The tube is sterilized by autoclaving at 12000. for 15 minutes in an inverted position with all the medium in the arm (F). After sterilization and cooling, the tube is inoculated through (C). The rubber stopper is then firmly seated and the rubber-glass seal reinforced with plasticene. The rubber stopper should be inspected frequently to be certain that it seats firmly in the tube.
To obtain anaerobic conditions, the stopcock (B) is turned to the closed position and the cotton plug removed from (A) which is then attached to a vacuum pump with pressure tubing. A good water aspirator can usually produce a satisfactory vacuum, although the efficiency of the pump should be ascertained. The tube is inverted with the medium in the arm (F) and the air is released by opening the stopcock. The bulb (E) tends to keep the medium from being carried over by boiling, but this should be supplemented by controlling the rate of evacuation with the stopcock. A satisfactory vacuum is present after the medium has boiled for 1-2 minutes. The stopcock is then closed and the tube is incubated in any position for 24 hours at 3000. A limited number of experiments indicated that 300C. was the optimum temperature for obtaining maximum gas volumes and characteristic C02/H2 ratios of coliform organisms.
Determination of the ratio of C02 to H2 in the tube after incubation is a relatively simple procedure and requires only about 5-10 minutes. To aid in releasing the C02 dissolved or combined in the medium, one ml. of 5 per cent HCl is added to (A) and cautiously allowed to enter through the stopcock (B). Any air trapped below the surface of the acid in (A) can be removed with a capillary pipette. The acidified medium is allowed to stand for 2-3 minutes. The total amount of gas present is then determined. Care must be taken that the rubber tube is free from air and that no air is trapped when the tube is connected with (A). The water is allowed to enter slowly through the stopcock, until the vacuum is dissipated. All the gas is collected ahead of the incoming water in the arm (F) and the total volume after leveling is measured. Care should be taken to prevent gas from remaining in (D), as some CO2 in the tube will be absorbed by the medium if mixed with it after dissipating the vacuum.
The relative volumes of CO2 and H2 are obtained by absorbing the CO2 with NaOH and measuring the remaining gas as H2. With the stopcock open, the leveling bulb is lowered until about 2 ml. of liquid are withdrawn from the tube. The stopcock is then closed and the liquid shaken from (A). About 2 ml. of 50 per cent NaOH is added to (A) and allowed to enter through the stopcock. With all the gas in the arm (F) no absorption will take place until all the NaOH has entered the tube, the stopcock has been closed, and the alkali mixed by inversion. The tube should be inverted several times and allowed to stand for 1-2 minutes to insure complete absorption of all the CO2.
The gas remaining in the tube is measured by again attaching the leveling bulb and proceeding as for the total gas volume. The remaining gas is measured as hydrogen. Uninoculated control tubes have shown that the volume of residual gas after evacuation is negligible when a satisfactory vacuum pump is used for evacuating the tube before incubation. The (1942) have used Witte peptone as the nitrogenous component of the nutrient broth in their gas ratio studies. The latter have indicated that it is possible for coliform organisms to produce gas from the peptone, resulting in an alteration of the gas ratio, and emphasize the importance of selecting a medium in which the gases produced represent as nearly as possible only those formed in the metabolism of glucose. In the present investigation it seemed advisable to substitute a more readily obtainable peptone than Witte in the nutrient broth.
Bacto proteose-peptone, which is recommended for use in the methyl-red and Voges-Proskauer tests was found to be satisfactory. A number of tests in which coliform organisms were inoculated into the fermentation tube containing 1 per cent Bacto proteose-peptone and 0.5 per cent of K2HPO4, indicated that no gas was produced from this peptone. The C02/H2 ratios obtained from five Escherichia and Aerobacter cultures grown in Rogers' (R) medium (Witte peptone 1 per cent, glucose 1 per cent, K2HP04 0.5 per cent) and in a medium (RPP) of the same composition, but containing Bacto-proteose-peptone instead of Witte, were found to agree very closely (table 1). The latter medium (RPP) was used, therefore, in all subsequent gas ratio determinations.
Period of incubation. Gas ratio studies in the coliform group, heretofore, have been used mainly to indicate the relative amounts of C02 and H2 remaining after the culture has ceased growing, and seven days at 3000. has generally been allowed for this activity. It was felt that the gas ratio would be of much more practical value if the differences in relative amounts of C02 and H2 could be demonstrated in a shorter incubation period. Six cultures representing the four Escherichia and Aerobacter species were each incubated for one, two, and seven days at 30°C. in RPP medium and the gas ratio determined for each incubation period (table 2). The total volume of gases and the C02/H2 ratios were essen- tially the same after 24 hours as after 7 days, indicating that most of the gas production was accomplished in the first 24 hours. These results indicated that the gas ratios could be determined satisfactorily after one day at 3000., and this period of incubation was used in the remainder of the analyses unless otherwise indicated. Ratios of typical Escherichia and Aerobacter cultures. Eight cultures of E. coli and seven cultures of Escherichia freundii were tested for the C02/H2 ratio produced in glucose broth (table 3) . Some of the cultures had been recently isolated while others had been carried on laboratory media for varying numbers of years. The cultures of E. coli and E. freundii had been isolated from human feces, water, and milk. There were no correlations in ratio values or gas volumes with source or age of the culture. The small total volume of gas and the C02/H2 ratio of approximately 1.0 given by these cultures are characteristic of those which have been established for Escherichia organisms grown under similar conditions. With E. freundii, a citrate-utilizing organism, belonging to the genus Escherichia the usefulness of the citrate test for differentiation of Escherichia and Aerobacter genera becomes limited. This is in accord with Stark and Straughn's views (1941) .
Fourteen cultures of Aerobacter aerogenes and Aerobacter cloacae were likewise studied. Both species gave a relatively larger total volume of gas and a C02/H2 ratio of approximately 2/1, which are characteristic for Aerobacter organisms. Although there was a considerable difference in the time which the cultures had been carried on laboratory media, each culture gave a C02/H2 ratio characteristic of the genus. The ratio values of Aerobacter cultures do not, however, Ratios of Coliform "intermediates". Three cultures of coliform bacteria were encountered, two of which were IMVIC---+, and the other +----. Only the former two produced H2S. All of these cultures gave gas volumes and ratios characteristic of the genus Escherichia.
DISCUSSION
The anerobic gas tube described has natural limitations regarding the accuracy with which measurements of the actual volumes of CO2 and H2 can be made. For instance, the CO2 dissolved or combined in the medium may be influenced by different residual pressure in the tube after the growth of the culture. Also, depending upon the efficiency of the vacuum pump, a very small amount of unevacuated air may remain in the tube and be measured in the volumes of total gas and hydrogen. But for purposes for which this tube was designed, these factors can be entirely disregarded, as evidenced by the agreement of the C02/H2 values obtained by this tube with those determined by more precise methods.
The C02/H2 ratios of the Escherichia and Aerobacter orgaims, representing two different types of glucose metabolism, are more fundamental than many of the characteristics now used to describe these genera. Although the gas ratio has not been employed as widely in studies of the coliform organism as have more convenient tests, its reliability has so far not been questioned. This should, however, be more completely ascertained by more extensive studies of the gas ratio. The C02/H2 value may show particular usefulness in determining relationships among the coliform "intermediates." The few "intermediates" employed in this study gave C02/H2 ratios characteristic of the genus Escherichia.
The advantages of this tube over other methods of determining C02/H2 ratios are its simplicity of design, relative low cost and facility and reliability with which it can be used by persons not familiar with gas analysis apparatus. Using the method described, all cultures which have been tested so far have produced their characteristic C02/H2 ratio in 20-24 hours. This incubation period is sufficiently short to permit the use of this tube in routine differentiation studies.
SUMMARY
An anaerobic culture tube was designed in which could be measured the relative volumes of CO2 and H2 produced by coliform bacteria from glucose. The results of a number of experiments indicated that the characteristic C02/H2 ratio of Escherichia and Aerobacter organisms can be ascertained after a one-day incubation period at 30°C.
The ratio values of coliform bacteria obtained with the anaerobic culture tube are in good agreement with those reported by other workers using customary gas analysis equipment. The facility with which the tube can be used and the reliability of the data obtained with it indicate that it could be particularly useful in routine identification of members of the Aerobacter and Escherichia genera when such separation is desired.
The anaerobic fermentation tube may be of value in studying the relationship of the coliform "intermediates" to the Escherichia and Aerobacter genera.
